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GEMSTONES AND DECORATIVE OBJECTS ceived color other than that of the original incident light. 

COMPRISING A SUBSTRATE AND AN Some wavelengths of the incident light that is transmitted 

OPTICAL INTERFERENCE FILM into the interior of the gemstone are absorbed by the material 

of the gemstone. Those wavelengths of hght not absorbed by 

TECHNICAL FIELD OF THE INVENTION 5 the gemstone eventually pass out of the gemstone. Because 

The present invention involves decorative articles in the .^^^^ P^^f ^^^^S^ gemstone is now >. 

form of gemstones and decorative objects in the fomi of a 1° ^^'^ wavelengths of hght (compared to the 

substrate and optical interference coatings so that at least gemstone) the gemstone appears to the q 

part of the light of wavelengths between 4^ nanometers and ° \ ^1°^' ^^t' P^^"*^""^ O 

700 nanometers incident on the article is reflected. complement of the wavelengths of hght absorbed by the U 

gemstone. - . . 

BACKGROUND OF THE INVENTION It is a further properly of all prior art colored gemstones "M 

. r , . - • ■ 1 J lhat the perceived color is invariant with the angle of 

The art of producmg gemstones for use m jewelry and :„^:H«„«„\.r 11,. r r u tU 

J . . f f J 1- . ■ ' It mcidence of light or of the position of the observer with "S? 

other decorative objects by cuttmg and polishing naturally .u * -.u^u *• c c ^ 

, . ^, • . - .- respect to the gemstone with the exception of refracUon ^1 

occurring mineral deposits is an anaent one. Existmg gem- „j ^ n • 1 j mmi 

1 J u- .u 1 u u u- affects as described above. Thus all pnor art colored gem- S 

stones that are colored achieve the color by absorbing some ™„„^u^„ot;« • #i, wu r u. a , ac *u !3? 

„r . .J . . 1 1- . . u • ft J . stones are monochromatic m that the hght reflected from the 

of the mcdent visual Ught. The absorpUoo .s often due to ^^^^ ^ ^^^^^ ^ 

.mpunt.es m an otherwise Ci-ansparenl tnalenal such as „f transmitted through the gemstone is ^ 

aluminum ox.de Other natura gemstones such as .^^^^^^ incidence%f the light or the 7" 

diamonds, are .ntrinsically colorless, but achieve high position of the observer 

sparkle and flashes of color by the refraction induced by the , . c , .. . , ^rt 

„. high refractive index of the material. All intrinsically col- ^ » P'°Pf y °f P"°f '=°1°"=.<1 gemstones W 

O ored existing gemstones achieve their perceived color by '^Z' peiice.ved brilliance of the gemstone .s less than that UJ 

- preferential absorption of some of the wavelengths of Ught „ ?. "''"^'^^ gemstone such as a diamond. The lesser Ol 

bnlhance is an unavoidable result of the fact that the color 



i 



in the range of 400 nanometers to 700 nanometers. By the . , , . . , - ^ . 

term intrinsically colored is meant colors that are invariant of the genastone is produced by atjsorption of a large fraction 

with respect to viewing angle, and are not the result of of the tola^ mcident visible light Thus less total visible hght 

refraction of the incident Ught. ^ f^^^™^^ ^° ^ ''''^'''^^ gemstone than from a 

, , . . . • . , J colorless gemstone of the same size and cut. The lesser 

In modern times various synthetic and enhanced gem- 30 . r * . t • ui i* u, 1 j . .l 1 j 

, , r . - ^ amount of total visible light leads to the colored gemstone as 

stones have been manufactured by a variety of processes^ ^. .^^ ^ ^^^^ 

J Some of these processes arc mtended to produ« copies of ^„^4<^^in^ gemstone. 

naturally occurring gemstones, or to enhance the color of , , ■, . r . "i. , , 

.u • 1 1 ui . 1 It would be of great advantage to provide colored gera- 

otherwise less valuable gemstones. For example, exposure . . . • j u -n* l , ^ 

" .11 -1. stones with a perceived brilhance as high as that of a 

of some transparent, colorless mmerals to various types of 35 , , ^ . ui. ri- . ^ uaai 

^ high energy radiation can cause the mineral to become ^^^^^^^^ g^^siont. It would be of further advanUge to have 

\J absorbing and therefore colored. Alternately, various pro- ^^^^^ ^V^^^""^ polychromatic and for the 

l2 cesses have been described to improve the durabflity of Pf ^° ^^P*^"'**^"^ °° ^g^*^ of mcidence of 

I . gemstones by applying an overcoat of a more durable illumination source. 

f^" material. For example, Mayer (U.S. Pat. No. 3,539,379) 40 1^;^ a nahiral property of exisUng colored gemstones that 

O describes the deposition of a single layer of aluminum oxide ^"^^ °^ ^^^^^ ^ stone is less than the depth of 

r: to the exterior of a gemstone to improve hardness and °f ^ larger stone of the same material and cut. This is 

scratch resistance, but with the specific additional intent of a consequence of the fact that the path length of the light in 

not changing the perceived color of the native gemstone. J*^*^ ^^^^ ^tonc is less than in the large stone, and by Beer's 

German patent DE 3708171 Al and a German patem 45 L^w the ainountofhght absorbed in the smaUer stone is less, 

application describe the deposition of diamond like coating ^^^^^ for reasons of economy it is often desired to use 

to improve the hardness of gemstones. FeUcr (U.S. Pat. No. smaU gemstones m jewelry, the lesser depth of color of 

4,599,251) discloses a decorative object manufactured by ^^^^^ is a disadvantage. It would be of great 

forming a single layer of a metal oxide on a silicon surface. advantage to provide colored gemstones in which small 

Neumiller (U.S. Pat. No. 4,793,864) discloses formation of 50 ^^P^" ^^"^ ^^"^ '^^'P'^ "^^""^ ^ ^^^cr samples, 

an organic film on the surface of a gemstone for the purpose ^ object of the present invention is providing colored 

of protecting the gemstone against ultraviolet and infrared gemstones and decorative objects whose perceived color is 

radiation, and for the purpose of cleaning the surface of the polychromatic, and whose perceived brilliance is greater 

gemstone. The modification of a gemstone by deposition of ^hat of prior art colored gemstones. 

one or more layers on the upper surfaces only is described 55 Another object of the present invention is providing 

in Austrian Patent 265718 (1968), Swiss Patent 410,498 colored gemstones and decorative objects whose perceived 

(1961), and Swiss Patent 346,666 (1956). color is dependent on the angle of illumination and the 

Whether natural or synthetic, aU prior art gemstones that Position of the observer with respect to the gemstone or 

arc perceived as colored by the eye achieve the color by object. 

absorption of some of the incident light, (except for intrin- 60 Yet another object of the present invention is providing 

sically colorless gems, such as diamonds, whose perceived colored gemstones in which small stones have the same 

colors are due to refraction at the surface of the stone). When perceived depth of color as larger stones made of the same 

light strikes the surface of such a colored gemstone, some material. 

portion of the incident light is reflected, and the remainder Yet another object of the present invention is providing 

of the light is transmitted into the interior of the gemstone. 65 decorative objects of novel and beautiful appearance. 

Because all wavelengths of the incident hght arc reflected in Additional objects and features of the invention will be 

substantially equal amounts, the reflected hght has no per- made evident by the following description in which the 
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preferred embodiments are set forth in detail in conjunction for example, in H. A. Macleod, Thin Film Optical Filters 

with the accompanying drawings. (Macmillan, New York, 1986). Using such practices, one of ^» 

ordinary ^ull in the art can design and deposit on a "surface ^ 

BRIEF DESCRIPTION OF THE DRAWINGS multilayer thin film coatings that reflects some desired set of Jfc 
no. 1 is a cross-sectional represenUtion of a faceted ^ wavelengths of the incident visible light, and transmits the vJ 

substrate bearing an optical interference film on its external remaining wavelengths of the incident visible light. Kj 

surface, where 1 is the substrate material and 2 is the optical Although the design and performance of such multilayer . , . 

interference coating ^ principle be calculated by hand, in practice 

nC. 2 is a crosi^sectional view of a smaU section of the ^P^'^^ ^o^P-'f ' PfOg^f "^ed d^ennine the ^ 
substrate surface together with the tnuW-Iayer optical inter- " ^'f^f^t f .T" '° "'"'^^ '° Sc 

ference film, where 3 is the substrate material, 4 is one °P^^^ behavior of the opucal coatmgs. ^ 

component in the interference film, and 5 is the other . ^^'^ " desirable in the pracUce of the current inven- 

component of the interference film. ""I '^^^ *^ "P'''^^ "'^'"'S ^ substantially uniform over the <[ 

- . . . ... r .u o .• entu-e surface of the substrate, the optical coating can vary ^> 

RG. 3 IS a graphic representation of the reflection spec- somewhat over the surface of the substrate withoufdeparting < 

(rum in the Visual range of an example mterference coating <v™ tu^ • . . r .u .* j j ^ 

f.. . • . jti. "i^^Dt of the present invention, provided that the 

of the type used in the present invention, and further ^r^^t:„„ j«„ . «,u*u. c.l I— 

H >. H • PYAiufPf CI coaling does not vary so much that some portions of the r~ 

aescnoea in t,AAMFLt i. ^.^^j^j^g ^^^^ ^ ^^^^^^ incident visible light. C/3 
no. 4 is a graphic representation of the reflection spec- ^^^^^ embodiment of the invenUon the substrate lU 

inim m the visual range of an example mterference coaling 20 ^od the optical thin film coating are composed of materials CQ 

of the type used in the present invention, and further ^^^^ substantially Iransmissive to hght (substantially free 
descnbed in EXAMPLE 2. absorption) over the wavelength range of 400 nanometers 

SUMMARY OF THE INVENTION *° nanometers inclusive. However, substrates and coat- 
ing materials that are moderately absorptive over this wave- 

In accordance with this invention, an object, previously length range may be used without departing from the 

formed to ihe desired final shape, hereinafter referred to as intention of the present invention. 

a substrate, is supplied with a thin film coating over sub- por example, the substrate may be composed of one or 

stantially the entire surface of the substrate. This thin film more materials chosen from the group consisting of: silicon 

coating consists of alternating layers of materials with dioxide, aluminum oxide, zirconium oxide, titanium oxide, 

relatively high refractive index and relatively low refractive jjafnium oxide, germanium oxide, zinc oxide, scandium 

index, the thickness of the layers being chosen so that the oxide, yttrium oxide, calcium oxide, magnesiiun oxide, 

coating as a whole forms an interference filter such that the barium oxide, beryllium oxide, boron oxide, phosphorus 

coating reflects a substantial portion of incident Ught of oxide, lead oxide, arsenic oxide, sodium oxide, potassium 

wavelengths between 400 nanometers and 700 nanometers oxide and carbon, provided that the mixUire as a whole is 

(hereinafter referred to as visible Ught), inclusive. In the substantially non-absorbing in the range of 400 nanometers 

preferred implementation of the invention, the materials lo 700 nanometers inclusive. Alternately, the substrate may 

used in the thin film coating and the thicknesses of the be composed of various plastics (polymers based on carbon) 

alternating layers are chosen so that some wavelengths of provided that the plastic used is substantially non-absorbing 

incident visible light are more strongly reflected than are in the range of 400 nanometers to 700 nanometers inclusive, 
other wavelengths of incident visible Ught. ^ ^ 5^ ^^^jent to one of ordinary skill in the art that 

Additional objects and features of the invention will be other types of materials not specified in the above descrip- 

raade evident by the following description in which the tion may also be suitable for practicing the present 

preferred embodiments are set forth in detail in conjunction invention, provided that such materials are capable of being 

with the accompanying drawings. formed into a desired shape and arc substantially non- 

DESCRIPTION OFTIIE PRnFERRED absorbing in the range of 400 nanometers to 700 nanometers 

DLbCRlKllON Oh nil^ inclusive; substrates formed from such materials are 

hMBODIMENTS intended to be within the scope of the present invention. 

The present invention will be described in detail with In the preferred embodiment of the invention the substrate 
reference to the accompanying drawings and examples. FIG. jq should be formed of material with a relatively high refrac- 
1 shows a synthetic gemstone according to the present tive index, as this leads to a particularly pleasing visual 
invention. The gemstone consists of a substrate 1 on which appearance of the coated object. Particularly suitable sub- 
facets have been previously cut and polished, and an applied strate materials arc therefore such materials composed sub- 
optical interference coating 2 over substantially the entire stantially of one or more members from the group consisting 
surface of substrate 1. of: zirconium dioxide, titanium dioxide, silicon dioxide with 

FIG. 2 shows a cross sectional detail of the surface of the a large percentage of lead oxide admixed, and carbon, 
synthetic gemstone of FIG. 1, showing the surface of the In the preferred embodiment of the invention the optical 

substrate 1 and the applied multilayer coating 2. The coating coating is deposited by a chemical vapor deposition process, 

consists of alternating layers of a material of low refractive and in particular by a low pressure chemical vapor deposi- 

indcx 3, and a material of a high refractive index 4. The total lion process (LPCVD). An LPCVD process is particularly 

nuraberof layers in the coating 2 and the thicknesses of the suitable for practicing the present invention because it 

individual layers are selected to provide the visual appear- uniformly deposits an optical coaling on all surfaces of even 

ance desired for the gemstone. a complex shaped object. Sec SPIE Vol. 1168, pp 19-24 

The design and use of multilayer optical interference films 989). 
to selectively reflect certain wavelengths of light are well 65 Many other methods are known for the deposition of thin 

known in the art; modem practices in design, use, and film optical coalings. Sec Thin Film Processes, J. L. Vosscn 

manufacture of such thin film optical filters arc described, and W. Kcms, Eds. (Academic Press, New York, 1978). For 



